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http:WHAT THIS PAPER ADDS
This study is the ﬁrst to look at thrombus volume and aortic shagginess as predictors of mesenteric embolisation
following fenestrated endovascular aneurysm repair. As such, it highlights the important factors associated with
this rare complication. We hope that this work will lead us and others to undertake more detailed studies that
will ultimately allow stratiﬁcation of the risk of embolisation, and thus eventually to the development of
strategies to avoid it.Objectives: Bowel ischaemia is a life-threatening complication of endovascular aneurysm repair. This study aims
to evaluate the factors associated with mesenteric ischaemia in patients undergoing fenestrated aortic
endografts to treat paravisceral aneurysms.
Methods: Consecutive patients undergoing double or triple fenestrated stent graft insertion were retrospectively
analysed. No patients were declined surgery based on anatomic complexity. Preoperative demographics,
procedure-related variables, and anatomical factors were examined. Using 3D software, the aortic thrombus
volume from the coeliac axis to the lowest renal, aortoiliac tortuosity, and aortic irregularity index (as graded by 3
independent assessors, graded 0e3 based on severity) were compared. Univariate analysis was performed to
identify risk factors for the development of bowel ischaemia.
Results: Ninety-nine patients underwent elective aneurysm repair (64 triple fenestrations and 35 double
fenestrations), 5% of which developed bowel ischaemia, and of these 80% (4/5) died. Mesenteric ischaemia was
signiﬁcantly associated with increased aortic irregularity (median [range], 2 [1e3] vs. 1 [0e2], p ¼ .005,
ischaemia vs. no ischaemia) and increased thrombus volume (37  8 vs. 21  12, p ¼ .007) but not aortoiliac
tortuosity (1.4 [1.2e1.5] vs. 1.30 [1.2e1.7], p ¼ .3), inferior mesenteric or internal iliac artery patency.
Mesenteric ischaemia was also associated with a signiﬁcantly higher preoperative creatinine (mean  SD:
183  74 vs. 111  43, p ¼ .007).
Conclusions: The presence of aortic irregularity and increased thrombus volume in the paravisceral segment
predicts the occurrence of mesenteric and renal ischaemia in patients treated with fenestrated endografts. This is
likely to be related to graft manipulation and catheterisation of visceral vessels.
 2014 European Society for Vascular Surgery. Published by Elsevier Ltd.
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Ischaemia of the bowel is a rare complication of endovascular
infrarenal aortic aneurysm repair (EVAR).1,2 The pathophys-
iologymay involve a combination of hypoperfusion related to
hypotension, graft coverage of the inferior mesenteric artery
(IMA), or embolisation into the IMA or internal iliac arteries
from the manipulation of the endograft in the aorta and iliac
vessels.2,3 When treating paravisceral aortic aneurysms withresponding author. K. Ivancev, Department of Vascular Surgery, Royal
spital NHS Foundation Trust, Pond Street, London NW3 2QG, UK.
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Open access under CC BY-NC-ND license.fenestrated stent grafts (FEVAR) the superior mesenteric
artery is cannulated and stents placed. Consistent with this,
we observed that bowel ischaemia related to FEVAR occurs in
the superior mesenteric artery (SMA) as well as the IMA
distribution. The risk of mesenteric ischemia after FEVAR
appears to be between 1% and 3%, on the basis of published
data.4,5 We observed that the aortic morphology may also
prove to be a powerful determinant of this complication and
that its incidence was higher in patients with atheromatous
laden aortic lumen. Both peripheral6 and visceral7,8 sponta-
neous embolisation has been described in patients with
diffuse aortic atherosclerotic disease, and has been termed
“shaggy aorta syndrome”. The aim of this study was to eval-
uate the factors associated with mesenteric embolisation in
Figure 1. Aortic irregularity (shaggy index). Grade III ¼ most severe, very extensive atheromatous disease with diffuse ulcers associated
with soft, loosely held debris, Grade 0 ¼ clean non-atheromatous.
European Journal of Vascular and Endovascular Surgery Volume 47 Issue 4 p. 374e379 April/2014 375patients treated with fenestrated aortic endografts. Our ob-
jectives were to determine whether a shaggy aorta, volume
of aortic thrombus, and vessel tortuosity were causative
factors for mesenteric ischaemia.
METHODS
We studied consecutive patients undergoing double and tri-
ple fenestrated stent graft insertion for paravisceral aneu-
rysms. Importantly, no patients were declined surgery based
on anatomical complexity. The data from all patients treated
with FEVAR were prospectively collected and recorded in a
computerised database incorporating multiple variables such
as preoperative demographics, procedure-related variables,
and anatomical factors such as aneurysm size and patency of
major vessels. This database along with spiral computed to-
mography angiogram (CTA) images were retrospectively
reviewed to identify factors related to the development of
mesenteric ischaemia. Preoperative cardiopulmonary work-
up consisted of spirometry, echocardiography, and 12-lead
electrocardiogram (ECG) in all cases, and cardiopulmonary
exercise testing in those deemed high risk.
Stent graft planning and insertion
In our centre aneurysms are selected for FEVAR repair if
they are deemed unsuitable for standard infrarenal EVAR
(necks <10 mm in length or >32 mm in diameter). The
fenestrated device used in all cases was the Zenith platform
(Cook Medical, Bloomington, IN, USA). Fenestrations and
scallops were planned to match the locations of the target
vessel ostia using high-resolution spiral CTA scans and 3D
workstations (Aquarius iNtuition Viewer, Aquarius, TeraR-
econ, San Mateo, CA, USA).All procedures were performed in a dedicated hybrid
operating theatre with a ﬁxed imaging system. The detailed
device description and implantation technique has been
well described.9 During the procedure, activated clotting
time (ACT) was maintained between 250 to 300 seconds
with bolus heparin doses. Extra-corporeal axillo-bifemoral
(ABF) bypass grafts were used for all triple fenestrated cases
in order to reduce the incidence of lower limb ischaemia
and subsequent reperfusion injury. A through-and-through
wire was also inserted, utilising the axillary end of the
ABF as a conduit, to facilitate graft insertion and manipu-
lation. Carbon dioxide angiography was used selectively in
patients with chronic renal impairment. All patients had a
completion angiogram to check for endoleaks and patency
of target vessels.
Postoperatively all patients were transferred to an
intensive therapy unit. All patients received thrombopro-
phylaxis and antiplatelet agents unless contraindicated.
Patients were transferred to the vascular ward after 24
hours depending on clinical progress. Duplex ultrasound
was routinely performed to assess stent patency and for the
presence of endoleaks prior to discharge. CT angiography
was performed within 3 months of the procedure and
immediately postoperatively if there was a clinical suspicion
of a complication.Deﬁnitions and statistical analysis
Chronic renal insufﬁciency was deﬁned as an estimated
glomerular ﬁltration rate (eGFR) <60 mL/min/1.73 m2.
Acute renal failure was deﬁned as a relative decrease in
renal function of greater than 30% (eGFR or rise in serum
creatinine).
Table 1. Patient demographics in patients with and without
mesenteric ischaemia.
Mesenteric
ischaemia
(n ¼ 5)
No mesenteric
ischaemia
(n ¼ 94)
p
Age (yrs) 78  12 73  18 NS
MaleeFemale 4:1 81:13 NS
IHD (%) 60 56 NS
DM (%) 0 15 NS
Current smoker (%) 40 10 0.04a
HT (%) 100 84 NS
CRF (%) 80 26 0.01a
Creatinine (mmol/L) 183  74 111  4 0.007b
ASA 2 0 15 NS
ASA 3 3 63
ASA 4 2 16
Note. CRF ¼ chronic renal failure; DM ¼ diabetes mellitus;
HT ¼ hypertension; IHD ¼ ischaemic heart disease.
a c2 test.
b t test.
Table 2. Anatomical variables in patients with and without
mesenteric ischaemia.
Mesenteric
ischaemia
(n ¼ 5)
No
mesenteric
ischaemia
(n ¼ 94)
p
Aneurysm size (cm) 6.9  0.7 6.3  2.1 NS
IMA patency (%) 60 45 NS
IIA patency (%) 80 76 NS
Thrombus
volume (cm3)
37  8 21  12 0.007a
Aortic irregularity
(shagginess)
2 (1e3) 1 (0e2) .005b
Aortic/iliac
tortuosity
1.4 (1.2e1.5) 1.3 (1.2e1.7) NS
Note. IMA ¼ inferior mesenteric artery; IIA ¼ internal iliac artery.
a t test.
b Friedman’s test.
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matous disease with diffuse ulcers associated with soft,
loosely held debris8 along the entire aorta, from the aortic
arch to the visceral segment (Fig. 1). All preoperative CTs
were reviewed independently by three consultants and the
degree of aortic irregularity and atheromatous plaque
graded 0e3 (shagginess index, 0 ¼ clean non atheroma-
tous, 3 ¼ most severe). To test for inter-observer error, ﬁve
CTs were initially compared. The inter-observer error was
found to be <10% (Pearson correlation ¼ .90, p ¼ .001).
Using 3D software (TeraRecon) the aortic thrombus vol-
ume in the visceral segment and aortic tortuosity was
measured as previously described.10 Thrombus volume was
measured from the coeliac axis to the lowest renal artery
using the centre line of ﬂow. Total (external wall) and
luminal volumes were measured and subtracted to give
thrombus volume. Aortic tortuosity was deﬁned as a ratio
of centre line length divided by direct point-to-point length
from the coeliac axis to the bifurcation of the common
femoral artery.
All statistical analysis was carried out using SPSS
19.0 (IBM, New York, USA), and all data tested for
normality. Parametrically distributed data are given as
mean  standard deviation (SD) and analysed using either
the t test or paired t test. Non-parametrically distributed
data are given as median with ranges and analysed by the
ManneWhitney U test. Categorical data was analysed
using the c2 test.
RESULTS
Between 2008 and 2013 a total of 99 patients underwent
fenestrated stent grafts with 64 and 35 patients receiving
triple and double fenestrations respectively. The indications
for treatment were de novo aneurysmal disease in 90 pa-
tients; and enlarging aneurysms resulting in stent graft
migration in the presence of an infrarenal EVAR (8 patients).
One patient in whom a double fenestrated stent graft had
been placed required a proximal extension due to type 1endoleak caused by infection. Patient demographics and
comorbidities are presented in Table 1. Five patients (8%)
who had undergone triple fenestrated stent grafts devel-
oped bowel ischaemia and of these four (80%) died. No
patients developed bowel ischaemia in the double fenes-
trated cohort. The overall mortality rate was 8%. Current
smoking (40% vs. 10%, p ¼ .04, mesenteric ischaemia vs. no
ischaemia group respectively), presence of chronic renal
failure (80% vs. 26%, p ¼ .01), and a raised preoperative
serum creatinine (183  74 vs. 111  43 mmol/L, p ¼ .007,
Table 1) were signiﬁcantly associated with the development
of mesenteric ischaemia. Atrial ﬁbrillation was noted on
preoperative ECGs in 20% of the mesenteric ischaemia
group, and in 13% of the non ischaemia group, which did
not reach statistical signiﬁcance (p ¼ .09).
Patients who developed mesenteric ischaemia had a
signiﬁcantly higher thrombus volume in the paravisceral
segment (37  8 vs. 21  12, p ¼ .007) and higher aortic
irregularity score (2 [1e3] vs. 1 [0e2], p ¼ .005, Friedman’s
test) than those patients who did not develop mesenteric
ischaemia. Preoperative IMA patency was higher in the
mesenteric ischaemia group than the non-ischaemia group
(60% vs. 45%) (Table 2) though this did not reach statistical
signiﬁcance. Neither preoperative internal iliac patency
(80% vs. 76%, p ¼ .5) nor coil embolisation (20% vs. 10%,
p ¼ .08) were signiﬁcantly associated with the development
of mesenteric ischaemia. Operative time was longer in
those patients that developed mesenteric ischaemia
(475  188 vs. 394  115 minutes); this did not reach
statistical signiﬁcance (p ¼ .07).
Renal function and infarction
Renal function declined signiﬁcantly from a creatinine level
of 115  47 mmol/L preoperatively to 157  90 mmol/L
immediately postoperatively (p ¼ .01). The median rise in
serum creatinine was higher in the mesenteric ischaemia
group than the non-mesenteric ischaemia group (188 [40e
336] vs. 24 [e40 to 186] mmol/L, p ¼ .004, ManneWhitney
U test), as was the need for postoperative haemoﬁltration
(80% vs. 8%, p ¼ .005).
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(10%). The incidence of renal infarction was 80% (4/5) in
the mesenteric ischaemia group compared with 6% (6/94)
in the non mesenteric ischaemia group, (p ¼ .001). Renal
artery (RA) disruption resulting in renal infarction was
found in ﬁve patients for the following reasons: one
arterial dissection, two RA coiled, one occluded stent, and
one RA sacriﬁced intentionally. Embolic disease was
thought to account for the remaining ﬁve patients with
renal infarction as it involved only small segments of the
parenchyma in the absence of large vessel disruption. The
incidence of embolic renal infarction was 60% in the
mesenteric ischaemia group and 2% in the non-mesenteric
ischaemia group (p < .001).
Summary of mesenteric ischaemia patients
All patients developing mesenteric ischaemia had a triple
fenestrated stent graft deployed with the SMA, LRA, and
RRA as the target vessels except patient ﬁve who had the
coeliac, SMA, and RRA as the target vessels (as the LRA was
occluded). Bowel ischaemia became evident between day 1
and day 6 postoperatively (except patient 4) with worsening
acute renal failure, a worsening metabolic acidosis, and a
raised lactate. Histology in patients undergoing laparotomy
and resection revealed transmural infarction and gangrene
with occlusion of small mesenteric arteries with small
thrombi and “foamy macrophages”.
Patient 1. CT demonstrated small bowel ischaemia despite
coeliac axis and SMA patency. It also showed evidence of
micro-embolic infarction of both kidneys. He underwent a
laparotomy with small bowel resection, but died of multi-
organ failure on day 32.
Patient 2. CT demonstrated evidence of ischaemia in the
descending colon with a patent SMA, which was conﬁrmed
at laparotomy, at which the patient underwent a left
hemicolectomy and stoma formation. His recovery was
further complicated by a right RA stent occlusion and a
retroperitoneal bleed secondary to anticoagulation. He
made a slow recovery.
Patient 3. Postoperatively the patient developed pneu-
monia and type I respiratory failure. CT showed evidence of
left colonic ischaemia and a patent SMA but she was
deemed not to be ﬁt enough for a laparotomy and she died
of multi-organ failure.
Patient 4. This patient had undergone an open infrarenal
repair 15 years previously and now had progressive disease
with juxta-renal and iliac aneurysmal disease. He underwent
a triple fenestrated graft and iliac branched device. He had
multi-organ failure postoperatively with a lactate of 2. He
underwent a CT on day 11 postoperatively, due to lack of
clinical improvement, which revealed distal small bowel
ischaemia despite a patent superior mesenteric artery. He
suffered a myocardial infarction after which the decision
was made to withdraw supportive treatment, and he died
on day 12.Patient 5. This patient showed early signs of bowel
ischaemia with a raised lactate but underwent a negative
laparotomy on day 1. He showed continuing signs of sepsis
and a further CT was performed on day 15, which showed
small bowel ischaemia with perforation. He also had evi-
dence of focal left renal infarction. All major vessels were
patent with only some of the distal branches of the superior
mesenteric artery being occluded. The patient underwent a
laparotomy and small bowel resection with primary anas-
tomosis but he subsequently died of multi-organ failure.DISCUSSION
The term “shaggy aorta” was ﬁrst used in a series of 88
patients with spontaneous embolisation from atheroma-
tous aortas, 36 of which involved the visceral vessels.8
Similarly a case of visceral embolisation with patent infe-
rior and superior mesenteric arteries has been reported in a
patient with a shaggy abdominal and thoracic aorta.7 Our
data suggest that thrombus volume in the paravisceral
segments and the presence of a shaggy aorta are signiﬁcant
factors in the development of visceral (mesenteric and
renal) ischaemia following fenestrated endovascular aneu-
rysm repair. In a study comparing EVAR and open surgery in
patients with large volumes of aortic neck thrombus, it was
found that EVAR was associated with a signiﬁcantly higher
rate of late embolic complications.11 These manifested as
abnormal kidney function, cutaneous ﬁndings (e.g. livedo
reticularis), blue toe syndrome, and gastrointestinal
ischaemia. This is in keeping with our results showing that
patients with visceral embolic complications had a signiﬁ-
cantly larger volume of paravisceral thrombus.
That endovascular aneurysm repair would lead to
embolic complications seems logical given that the proce-
dure involves the manipulation of numerous guidewires,
sheaths, and stents within an atherosclerotic aorta lined
with thrombus. However, the incidence of mesenteric
ischaemia with fenestrated endovascular grafting has not
been reported widely, though it is thought to be between
1% and 3%.4,5 Embolic complications following infrarenal
EVAR have been well studied and different presentations
have been described.12e14 In a series of 311 infrarenal
EVARs, 28 patients developed ischaemic complications, only
four had colonic ischemia, and there were no instances of
small bowel ischemia,13 indicating that embolisation affects
the inferior mesenteric and iliac artery territories in
infrarenal EVAR. In our series, out of ﬁve patients who
developed mesenteric ischaemia, three had evidence of
small bowel ischaemia, despite a patent superior mesen-
teric artery and coeliac axis. Furthermore, there was a high
incidence of renal infarction in this group (80%). This sup-
ports our hypothesis that visceral ischaemia following
FEVAR is primarily embolic in origin rather than being due
to ischaemic malperfusion. Our incidence of 5% for
mesenteric ischaemia following FEVAR is higher than that
seen in the cohort of patients undergoing infrarenal EVAR in
our institute over the same time period (1%, 3/312, un-
published data) and higher than reported in the literature
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ference between double and triple fenestrated procedures,
which correlates with graft complexity and increased can-
nulation and manipulation of visceral vessels resulting in
higher embolic complications. This is further supported by
the ﬁnding that operative time was longer in patients who
developed mesenteric ischaemia. It can be surmised that
the number of aortic branches involved in the aneurysm,
thrombus volume, aortoiliac tortuosity, aortic irregularity,
(shagginess) and time taken for the procedure are all
interdependent variables and may all reﬂect complexity of
aortic disease. Our results therefore show that the more
complex the aneurysm and the more extensive the disease,
the greater the risk of embolic complications. Smoking may
lead to more extensive disease and therefore poorer renal
failure and outcome.
Coil embolisation of the internal iliac artery (IIA) is
associated with pelvic ischaemia15 but its role in the
development of mesenteric ischaemia remains controver-
sial. We found no signiﬁcant association between preoper-
ative atherosclerotic IIA occlusion or coil embolisation and
the development of mesenteric ischaemia, a ﬁnding sup-
ported by others.13 Iliac and aortic tortuosity does not
appear to have a signiﬁcant impact on the propensity to
cause mesenteric ischaemia. We did surmise that tortuous
segments of the aorta and iliac access vessels were likely to
lead to more graft device manipulation and repositioning to
allow accurate positioning of the fenestrations, thereby
increasing the chance of embolisation. However this was
not found to be the case.
Our results suggest that smoking and chronic renal
impairment increase the risk of developing mesenteric
ischaemia. Several studies have demonstrated that poor
renal function is a predictor of poor outcome after
EVAR,16,17 with graded stepwise deterioration in eGFR being
associated with increased risk of death, cardiovascular
complications and hospital stay.17 We could hypothesise
that the patients in our study were micro-embolising debris
to their kidneys, resulting in worsening renal function. This
would increase the chances of developing mesenteric
emboli postoperatively following an endovascular
procedure.
The use of CO2 as a contrast agent may also worsen
ischaemic complications, and is only recommended below
the diaphragm due to the risk of stroke.18 This is thought to
be related to the phenomenon of vapour lock.18 Below the
diaphragm CO2 angiography has been associated with
abdominal pain but there have been no reported cases of
mesenteric ischaemia. We used CO2 selectively, and our
current records do not have sufﬁcient detail regarding vol-
ume and rate of use to comment further on the develop-
ment of mesenteric ischaemia.
The main limitation of the present study is that we have
not categorised the morphology and properties of the
atheromas. At present there is no accurate and reproduc-
ible way of doing this. In addition, we acknowledge the risk
of a type II error given the small number of patients who
developed mesenteric ischaemia. With the increasing use ofEVAR to treat paravisceral aneurysms, methods that stratify
risk and allow careful patient selection based on risky aortic
morphology are particularly needed. Our aortic irregularity
(shagginess) index seems to allow us to identify those in the
latter group. It is signiﬁcantly associated with both
mesenteric and renal embolic complications and we have
shown it is a simple and reproducible measure. However,
we acknowledge that it is not easily quantiﬁable or trans-
ferable to other centres. Grading of the embolic potential of
atheroma in the ascending aorta during cardiothoracic
surgery is well recognised by transoesophageal echocardi-
ography; CT angiography is less sensitive and speciﬁc.19 A
larger study is required to categorise the volume and
instability of the paravisceral thrombus and atheroma using
magnetic resonance imaging or ultrasonography similar to
that used to analyse unstable carotid plaques.CONFLICT OF INTEREST
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